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Description 

5 The present invention relates to mobile radio 

communications networks and in particular concerns a 
station for processing transmission signals relating to 
a cellular mobile radio communications system and to a 
method for processing these signals. 

10 As is known, at the main hierarchical levels of a 

conventional cellular mobile radio communications 
network there are the following: a switching center for 
processing the calls of mobile radio communications 
traffic and for managing the interface with the public 

15 telephone network, base radio stations connected and 
controlled by the switching center, and mobile stations 
or terminals in communication with the base radio 
stations . 

In general, the technological choice forming the 

20 basis of cellular networks consists in associating the 
various base radio stations with a respective area or 
cell within the territory. Moreover, in principle, 
each cell has associated with it a group of radio 
channels which may also be reused in another cell, 

25 situated at given distance from the first cell and if 
necessary also adjacent thereto, depending on the type 
of mobile radio communications system. 

According to conventional architecture of cellular 
networks, the base radio stations, which are located in 

30 sites spread over the territory covered by the mobile 
radio communications system, have the function of 
performing suitable processing of signals received from 
the mobile terminals (uplink) or to be transmitted 
thereto (downlink) . In particular, according to 

35 conventional architectures, the base radio station 
houses those apparatus which have the main functions of 
receiving/transmitting voice or data signals and which 
perform coding or decoding thereof in accordaoice with a 
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particular mobile radio commiini cat ions system used, for 
example, the system UMTS (Universal Mobile 
Telecommunication System) . 

With particular reference to the UMTS systems, in 
5 a mobile radio communications network of a specific 
operator who provides this system, the power of the 
signals emitted by the mobile terminals is controlled 
so that the said signals are received by the base radio 
station with power levels which are substantially the 
10 same . 

However, it may happen that an antenna of a base 
radio station does not receive only the signals of a 
mobile terminal operating within the system of the 
respective operator, but also signals emitted by an 

15 external mobile terminal, i.e. relating to a different 
operator. In particular, it may happen that this other 
mobile terminal emits signals on a carrier frec[uency 
adjacent to the channel on which the mobile terminal of 
the subscriber is transmitting. These adjacent signals 

20 may interfere with the signal to be received, adversely 
affecting the reception performance during an uplink 
connection. In this respect, there exist standards 
which define the performance characteristics required 
of a base station receiver for the rejection of the 

25 adjacent channels. 

A particular type of mobile radio communications 
network, which has developed in parallel with optical 
transmission systems, uses optical fiber links between 
suitable units of the said network. 

30 In this connection, the patent application 

US-A-2002/0003645 describes a mobile communication 
network employing a central control unit and a 
plurality of base stations called "compact" stations 
and coupled to a base station controller by means of 

35 digital optical links, including optical fibers. 
According to this document, certain specific functions 
of the network are assigned to the controller and to 
the central control unit, while the remaining functions 
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are distributed among the compact base stations. In 
particular, each compact base station comprises the 
apparatus associated with radiof requency and, during 
the uplink connection, receives by means of an antenna 
5 the signals transmitted from a mobile station and, 
after low-noise amplification, performs first analog 
filtering of a particular freqnjency. Subsequently, a 
down-conversion of the frequency of the filtered signal 
is performed, said signal then undergoing a second 

10 analog filtering operation. The resultant signal is 
again ait^lified and then transmitted to an analog- 
digital converter and then to an optical transmitter. 

The document EP-A-714218 describes a microcellular 
commiini cat ions system, namely a system where the cells 

15 have a radius of between 0.5 and 1 km. The system 
described includes a base structure associated with the 
microcell and a central station connected to the base 
structure by means of an optical fiber. 

The structure associated with the microcell is 

20 provided with an antenna for receiving radiof requency 
signals emitted in uplink mode. The signal received, 
after suitable amplification, is down- converted to a 
lower frequency and is sent to a low-pass filter which 
transmits it to an analog-digital converter connected 

25 at its output to an optical transmitter. By means of 
the optical fiber, the optical signal is received by 
the central station which converts it into an 
electrical signal to be sent to a digital -analog 
converter. The resultant analog signal is filtered so 

30 as to perform separation of the signals of each channel 
which' are then demodulated. 

The patent application JP-A-2001/197012 describes 
repeater systems for mobile radio communications 
networks and shows schematically the apparatus of a 

35 base station repeater used for the downlink. This base 
station repeater is connected, by means of an optical 
fiber, to a repeater for mobile stations, which 
receives signals from mobile terminals. According to 
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this document, the base station repeater comprises an 
antenna (intended to receive signals emitted from 
another base station) connected to a band-pass filter 
(which in the figures has a passband of IMHz) which 
5 extracts a component of the signal having a bandwidth 
W, such as a component with a bandwidth of 200 KHz. 
The analog signal thus obtained is converted into a 
digital signal so as to undergo a downsampling 
operation. The downsampling operation is preceded by a 

10 band-pass filtering operation (which in the figures has 
a passband again of 1 MHz) in order to extract the 
replica of the signal having a frequency below half the 
sampling frequency which is to be used in downs atiqpling. 
After filtering, downsampling and an electro-optical 

15 conversion is performed by means of a suitable 
converter. According to this document, the solution 
proposed does not require values of the carrier noise 
(C/N) and dynamic ratio which are high as in the case 
of conversion into an analog optical signal . Moreover, 

20 the use of a low transmission rate means that it is 
possible to avoid the use of costly electro-optical 
converters . 

The Applicant has noticed that, in order to obtain 
a suitable rejection of the interfering signals 

25 associated with the adjacent channels, such as those 
emitted by an external mobile terminal, i.e. relating 
to a different operator, high- selectivity analog 
filters may be used, although the latter are difficult 
to implement and have high costs. 

3 0 The Applicant has realized that, in the case of 

the apparatus for an uplink connection, it is possible 
to obtain a satisfactory performance with regard to 
rejection of the adjacent channels and at the same time 
limit the costs and the complexity of the said 

35 apparatus, using an analog filter and a digital filter 
having different selectivity with respect to the 
adjacent channels. 
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Moreover, referring, for exanqple, to the use of 
optical fibers or other guiding structures in the 
mobile radio comniunications network, the Applicant has 
noted how, during the uplink connection, by reducing 
5 the frequency of sampling of the signal after the 
latter has undergone the abovementioned digital 
filtering, it is possible to obtain at the same time 
the necessary rejection of the adjacent channels and an 
advantageous reduction of the band occupied in the 
10 fiber. 

According to a first aspect, the present invention 
relates to a station for processing a first signal 
which can be generated by a mobile terminal and belongs 
to a plurality of signals for mobile radio 
15 communications networks, said station including: 

- an input able to receive from aji antenna (A) the 
first signal associated with a first band and at least 
one adjacent signal of said plurality associated with a 
second band adjacent to that of the first signal ,- 

20 - a processing stage for generating from the first 

signal and from the at least one adjacent signal a 
first digital signal at a first sampling frequency, 
this first digital signal including a useful spectral 
content of the first signal cuid an interfering spectral 

25 content associated with said adjacent signal; 

a digital filter for processing the first 
digital signal, attenuating the interfering spectral 
content, and for providing a filtered digital signal 
including at least part of said useful spectral 

30 content; 

- an electro-optical converter for generating from 
said filtered digital signal electromagnetic radiation 
to be transmitted on a waveguide. 

Preferably, the processing station also comprises 
35 a sampling frequency reducer connected to said digital 
filter for generating a second digital signal having a 
second sampling frequency lower than said first 
frequency. 
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Advantageously, the processing stage coniprises an 
analog filter having a passband such as to eliminate 
second signals of said plurality which are non-adjacent 
to the first signal and transmit a first electrical 
5 signal having said useful spectral content and said 
interfering spectral content. 

According to a preferred embodiment of the 
invention, said analog filter (BP- IF) is a Chebyshev 
filter of the 3*^ to 7*^^ order, 
10 According to a particular embodiment of the 

invention, the processing station includes a 
demodulator connected to said analog filter for 
demodulating the first electrical signal and generating 
at least one demodulated electrical signal associated 
15 with a third band and including at least portions of 
the useful spectral content of the first signal and the 
interfering spectral content of the adjacent signal. 

Advantageously, said processing signal also 
comprises an analog-digital converter for converting an 
20 additional electrical signal correlated to the first 
electrical signal into said first digital signal. 

Preferably, said first sampling frequency is 
greater than or eq[ual to double said passband of the 
analog filter. 

25 According to a particular embodiment of the 

invention, said first sampling frequency is greater 
than or ecjual to double said third band of the 
demodulated electrical signal. 

Advantageously, said digital filter is an FIR 
30 filter with a number of taps such as to allow 
attenuation of the interfering spectral content. 

In particular, the sampling frequency reducer 
includes : 

an anti-aliasing digital filter for filtering said 
35 filtered digital signal and having a cut-off frequency 
siabstantially equal to half of said second sampling 
frequency; 
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- a decimator for sairpling a digital signal output 
from the anti-aliasing digital filter at said second 
sampling frequency. 

According to a second aspect, the present 
5 invention relates to a method for processing a first 
signal which can be generated by a mobile terminal and 
belongs to a plurality of signals for mobile radio 
communications networks , said method comprising the 
steps of: 

10 - receiving the first signal and second signals of 

said plurality including at least one signal adjacent 
to the first signal and interfering with the lattery- 
performing analog filtering of a first 
electrical signal corresponding to said first signal 

15 and to said second signals in order to eliminate the 
signals of said plurality which are non-adjacent to the 
first signal and transmit a second electrical signal 
having a useful spectral content associated with the 
first signal and an interfering spectral content 

20 associated with the adjacent signal; 

" converting from analog to digital the filtered 
first electrical signal so as to generate a digital 
signal, said conversion occurring at a first sampling 
frequency and defining a first transmission rate of 

25 said first digital signal; 

performing digital filtering of the first 
digital signal in order to eliminate substantially the 
interfering spectral content and provide a first 
filtered digital signal including said useful spectral 

3 0 content ; 

- reducing the sampling frequency of said first 
filtered digital signal so as to obtain a second 
filtered digital signal to be sent on a first output 
bus and having a second transmission rate less than the 

35 first transmission rate. 

Advantageously, the processing method includes the 
steps of: 
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- converting an electrical signal correlated to 
said first filtered digital signal into electromagnetic 
radiation; 

- transmitting said electromagnetic radiation on a 
5 waveguide . 

Preferably, the processing method also con^rises a 
step of multiplexing on a second output bus the second 
filtered digital signal with additional digital signals 
associated with additional signals of said plurality 
10 which can be generated by additional mobile terminals. 

According to a particular embodiment of the 
invention, the processing method comprises the steps 
of: 

before said electrical to optical conversion 
15 step, performing a conversion, from parallel to serial, 
of the second filtered digital signal; 

- processing the second serialized digital signal 
so as to generate a corresponding electrical signal in 
accordance with a transmission protocol relating to 

20 said optical waveguide. 

According to a third aspect, the present invention 
relates to a mobile radio commcunications network 
including i 

a main control center of the network for 
25 managing a plurality of signals; 

a station for processing said signals, 
controlled by said main control center, the processing 
station being provided with a port for receiving 
electromagnetic radiation; 
30 - a waveguide having a first end connected to said 

output port; 

- at least one euatenna station for processing a 
first signal which can be generated by a mobile 
terminal and belongs to the plurality of signals, said 

35 station being connected to a second end of the 
waveguide and including: 

- an input able to receive from an antenna (A) the 
first signal associated with a first band and at least 
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one adjacent signal of said plurality associated with a 
second band adjacent to that of the first signal ; 

- a processing stage for generating from the first 
signal and from at least one adjacent signal a first 

5 digital signal at a first sampling frequency, this 
first digital signal including a useful spectral 
content of the first signal and an interfering spectral 
content associated with said adjacent signal; 

a digital filter for processing the first 
10 digital signal, attenuating the interfering spectral 
content, and for providing a filtered digital signal 
including at least part of said useful spectral 
content ; 

- a converter for generating from said filtered 
. 15 digital signal electromagnetic radiation to be 

transmitted to the processing station by means o£ the 
waveguide • 

Preferably, the mobile radio communications 
network also comprises a sampling frequency reducer 
20 connected to said digital filter for generating a 
second digital signal having a sampling frequency lower 
than said first frequency • 

Advantageously, said processing station includes 
processing apparatus for coding/decoding voice or data 
25 signals to be sent/received to/from said at least one 
antenna station. 

According to a particular embodiment, the 
processing station also includes a block for processing 
signals supplied from said apparatus so that they are 
30 con^liant with procedures for transportation on said 
waveguide . 

Preferably, additional antenna stations provided 
with respective antennas are connected to said 
waveguide . 

35 In particular, the mobile radio communications 

network is such as to operate using a system of the 
UMTS (Universal Mobile Telecommunication System) type. 
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Advantageously, said waveguide is an optical 
fiber. In particular, said waveguide forms a point-to- 
point link- Alternatively, said waveguide forms a ring 
connection between said antenna stations. 
5 Advantageously, an SDH (Synchronous Digital 

Hierarchy) standard is used for transportation on said 
waveguide . 

As a result of the teachings of the present 
invention, it is possible to obtain the required 

10 rejection of the interfering signals associated with 
the adjacent channels, avoiding the need to use high- 
selectivity analog filters, which are difficult to 
implement and have high costs. 

In accordance with the invention, filtering, which 

15 plays a greater part in attenuation of the interfering 
signals, is performed by means of digital filters which 
can be realized at a cost lower than that of analog 
filters, but are such as to provide satisfactory 
results and, in particular, such as to comply with the 

20 standards which define the performance of receivers in 
relation to adjacent channels. 

Moreover, the reduction in the sampling frequency 
performed on the signal output from the digital filter 
results in limitation of the band occupied by each 

25 channel in the waveguide link (for example, optical 
fiber) , allowing an increase in the number of antenna 
units which can be served by the same link, both of the 
ring and star type. 

It should be noted that the reduction in the 

30 transmission rate also has the advantage of allowing 
the use of STM-N frames (preferably, the frame STM-4) 
with which not particularly complex and costly 
components are associated. 

In particular, the network according to the 

35 invention, using according to a preferred example the 
transmission of digital signals on optical fiber, has 
advantages associated with the fact that digital 
signals are less subject to degradation due to 
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attenuation in the fiber and dlBpersion within the 
fiber than analog signals. 

Further characteristic features and advantages of 
the present invention will emerge more clearly from the 
5 following detailed description of preferred embodiments 
thereof provided by way of example in the accompanying 
drawings in which: 

- Figure 1 shows in schematic form a mobile radio 
communications network according to the ' invention; 

10 - Figure 2 shows, in the form of functional 

blocks, a possible structure of a processing section 
included in the network according to Figure 1; 

Figure 3 shows a possible structure of a 
processing/conversion section of the network according 

15 to Figure 1; 

- Figure 4 shows a possible structure of a section 
of an antenna unit of the network according to Figure 
1, assigned for the downlink connection; 

Figure 5 shows in schematic form a first 

2 0 embodiment of a section of an antenna unit of the 

network according to Figure 1, assigned for the uplink 
connection; 

- Figures 6a*- 6d show exanples of spectral patterns 
of signals which can be processed by the station 

25 according to Figure 5; 

Figure 7 shows in schematic form a second 
embodiment of a section of an anterma unit which can be 
used in the network according to Figure 1 and is 
assigned for the uplink connection. 

3 0 The present invention makes reference, by way of 

example, to third generation cellular mobile radio 
communications system such as, for example, UMTS 
(Universal Mobile Telecommunication System) . The 
person skilled in the art will note how the teachings 
35 of the present invention are applicable to other types 
of digital and analog mobile radio communications 
systems such as, for example, GSM (Global System for 
Mobile communications) , D-AMPS (Digital Advanced Mobile 
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Phone System) or analog systems such as, for example, 
AMPS (North American Analog Cellular Systems) , NMT 
(Nordic Mobile Telephone service) , TAGS (Total Access 
Communications Service) . 
5 The UMTS system is a WB (wideband) system which 

uses CDMA (Code Division Multiple Access) . Moreover, 
the UMTS system supports radio access to the network 
both of the TDD (Time Division Duplex) type and of the 
FDD (Frequency Division Duplex) type, FDD access is 

10 particularly suitadale for wide-area coverage such as, 
for exanple, public micro- or macrocells. 

The UMTS system operates within the following 
frequency bands: 1885-2025 MHz and 2110-2200 MHz (in 
Europe, 192 0-1980 MHz for an FDD uplink connection, 

15 i.e. a transmitting mobile telephone and receiving base 
station; 2110-2170 MHz for an FDD downlink connection, 
i.e. a transmitting base station and receiving mobile 
telephone; 1900-1920 and 2010-2025 MHz for TDD, in the 
two transmission directions alternating over time; 

20 1980-2010 and 2170-2200 MHz for UMTS Satellite) , 

The UMTS -FDD system envisages a number Nc of 
channels (for example 12) (for each connection, uplink 
and downlink) , each having a band of about 5 MHz, and 
uses modulation of the angular type such as, for 

25 example, QPSK (Quadrature Phase Shift Keying) 
modulation. 

In accordance with CDMA technology, the channel 
bandwidth is shared by N subchannels identified 
according to the "code" associated with them. As is 

30 known, according to CDMA technology of the direct 
sequence type (multiplication of the signal to be 
transmitted by a pseudo-random sequence with a higher 
bit rate) , each user is assigned a code which 
identifies him/her in a precise manner within a 

35 frequency band in which various users are present. 

Figure 1 shows in a schematic manner a particular 
example of a mobile radio communications network 1, in 
accordance with the invention- According to the 
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example described, the mobile radio communications 
network 1 uses a mobile radio communications system of 
. the UMTS type. 

The network 1 according to Figure 1 comprises a 
5 main control center RNC and a subnetwork of the ROF 
(Radio Over Fiber) type, including a plurality of base 
station processing sections BSPPI-BSPPnt each of which 
can be controlled by the control center RNC and is 
connected to a respective central unit CUi-CUh- 

10 Moreover, the network 1 may also comprise a 

subnetwork of the conventional type including at least 
one base station of the conventional type BS which can 
be controlled by the main control center RNC and which 
is connected to a respective antenna A-BS by means of a 

15 coaxial cable . 

The mobile radio communications network 1 
comprises a plurality of antenna units AUl-AUlO, 
provided with corresponding antenna A, each operating 
in a respective cell of the cellular mobile radio 

20 communications network (for the sake of clarity of the 
drawing, a single cell indicated by "CELL" is shown in 
Figure 1) . 

The antenna units AUl-AUlO are connected to the 
plurality of central units CUi-CUm by means of waveguide 

25 links for the propagation of electromagnetic radiation. 

These waveguide links may comprise, for exanqple, 
optical waveguides such as optical fibers, typically 
housed in optical-fiber cables. Preferc±>ly, single- 
mode optical fibers are used. According to an 

30 alternative, not shown in the Figure, electromagnetic 
waveguides of the non-optical type, for example cococial 
cables, may be used at least partly. 

In the case of use of optical fibers, the central 
units CUi-CUm are provided with respective optical 

35 input /output ports OPl-OPN. In particular, the mobile 
radio communications network 1 in the example shown 
comprises a first optical fiber FOl having a first end 
connected to the optical port OPl and a second end 
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connected to the antenna unit AUl. Similarly, a second 
optical fiber F02 is connected to the port of the 
antenna . unit AU7, forming a point-to-point link. 
Moreover, the mobile radio communications network 1 is 
5 provided with optical fibers which form ring networks 
RNGl, RNG2 and RNG3 for the connection, respectively, 
of the antenna units AU2-AU3, AU4-AU6, AU8-AU10 to the 
respective optical ports OP2 , OPi and OPN. 

The transmission on one of the optical fibers FOl- 
10 F02 or on one of the rings RNG1-RNG3 may be performed 
using the technique of wavelength division multiplexing 
(WDM) , whereby each transmission channel sent toward 
the corresponding antenna unit is formed by means of a 
signal of predetermined wavelength. Alternatively, for 
15 example, the transmission on optical fibers or on rings 
may use the technique of optical time division 
multiplexing (TDM) . 

The optical fibers may transport the data in both 
transmission directions or, preferably, a separate 
20 fiber is used for each transmission direction (uplink 
and downlink) . 

The mobile radio communications network 1 includes 
mobile telephones or terminals UE, UE2 for example, of 
the conventional type, and such as to send and receive 
25 transmission signals in free space to/from the antennas 
A of the antenna units AUl -AUl 0, using the procedures 
of the UMTS system. 

With reference to the ROF siibnetwork of the mobile 
radio communications network 1, it is pointed out that 
30 the base station processing sections BSPPl, BSPPn 
comprise apparatus which perform the functions of 
processing baseband signals, whereas the antenna units 
AUl-AUlO comprise apparatus which process or handle 
radiof requency signals. 
35 It is pointed out that those processing functions 

which in conventional mobile radio communications 
networks (such as the subnetwork including the base 
station BS connected to the antenna A-BS) are performed 
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in the base station associated with an antenna of the 
network, in the case of an ROF-type subnetwork, 
however, are separated between the antenna units AUl- 
AUlO and the processing sections BSPPl-BSPPu located in 
5 geographical locations different from the antenna 
units . 

This separation of the functions has the advantage 
of allowing easier installation of the (less complex) 
apparatus to be arranged in the vicinity of the 
10 antennas A, while the remaining processing apparatus 
may be situated in a limited number of main control 
centers RNC, 

Figure 2 shows, in the form of functional blocks, 
a possible structure of a base station processing 

15 section BSPPi connected to a central xinit CUi and a 
respective antenna unit AUi, 

In particular, as will become clear below, the 
exanple shown in Figure 2 refers to the case of a 
stinicture of the type 3x2, i.e. a structure such as to 

20 provide two carriers for every three angular sectors 
served by the antennas associated with the antenna unit 
AUi . According to a known method in radio 

transmission, each carrier of each sector has 
associated with it an additional carrier (with the same 

25 frequency) relating to the - for example spatial or 
polarization - diversity so as to compensate for 
possible causes of disturbance or attenuation in the 
air which may adversely affect the 

transmission/reception of one of the two carriers of 

3 0 the sector. 

In greater detail, the base station processing 
section BSPPi includes an interface lub for 
communication with the main control center RNC, 
including a processing unit CPU and associated 

35 interface lines LI. This interface lub has, connected 
to it, by means of suitable buses Bl and B2, 
respectively, transmission and reception processing 
apparatus TPR and RPR of the conventional type and 
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commonly called Transmitter Processing Resources (TPR) 
and Receiver Processing Resources (RPR) . . These 
processing apparatus TPR and RPR perform the main 
functions of receiving/transmitting the voice or data 
5 signals in accordance with the procedures defined by 
the particular mobile radio conimuni cat ions system used, 
for example UMTS. In particular, in downlink mode, the 
apparatus TPR performs coding of the voice and data 
signals as required by the UMTS system (spreading) and, 

10 in uplink mode, the apparatus RPR performs 
corresponding decoding (despreading) . 

It is precisely these apparatus TPR and RPR which 
traditionally were installed at each base station of a 
mobile radio communications network, while in the 

15 solution according to the invention, these apparatus 
may be located far from the antenna units and may be 
used to serve one or more than one of these units. 

Moreover, the base station processing section 
BSPPi includes a group of six receivers/transmitters 

20 (or in short, transceivers) TRxl-TRx6 connected, by 
means of further buses and lines Bl, both to the 
apparatus TPR and RPR and to the central unit CUi, 

During transmission (downlink) , the trauisceivers 
TRxl-TRx6 may perform modulation/demodulation (for 

25 example, of the QPSK or BPSK type) of the signals 
supplied by the apparatus TPR or by the central unit 
CUi • Preferably, the transceivers TRxl-TRx6 are such 
as to transmit signals in the baseband (not modulated 
angularly) or signals at an intermediate frequency IP. 

30 Moreover, these transceivers TRxl-TRx6 may or may not 
perform an euialog-digital conversion of the signal to 
be emitted. 

similarly, during reception (uplink) , the 
transceivers TRxl-TRx6 may receive an analog or digital 
35 baseband signal or an intermediate frequency signal 
from the central unit CUi. 
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The central unit CUi includes three 
processing/conversion sections CB1-CB3 each connected 
to a pair of transceivers TRxl-TRx6. 

The processing/conversion sections CB1-CB3 are 
5 connected by means of the optical switch OPT-SWTC (not 
shown in Figure 2) to respective pairs of optical 
fibers F-Dwl and F-Upl, F-Dw2 and F-Up2, F-Dw3 and F- 
Up3, each relating to one of the three sectors. These 
optical fibers link the central unit CUi to the antenna 
10 unit AUi. 

The antenna unit AUi includes three antenna 
substations CBAU1-CBAU3, each linked by means of one of 
the abovementioned pairs of optical fibers to a 
respective processing/conversion section CB1-CB3. 

15 Each antenna s\ibstation CBAU1-CBAU3 is associated 

with one of the three sectors (served respectively by 
two carriers) and comprises, preferably, a pair of 
antennas (Tx/Rxl and Tx/Rxldiv (Tx/Rx2 and Tx/Rx2div; 
Tx/Rx3 and Tx/Rx3div) . As is known in the mobile 

20 telephone sector, for each sector two antennas may be 
installed, such as the two antennas Tx/Rxl and 
Tx/Rxldiv separated according to space or polarization 
diversity. The antennas Tx/Rxl and Tx/Rxldiv 

emit/receive radiof requency electromagnetic waves over 

25 an angular sector with an aperture, for example, of 
120*. Instead of duplex reception and transmission 
antennas, it is possible to use separate antennas for 
transmission (Txl and/or Txldiv) and for reception 
(Rxl, Rxldiv) • The exanple of a base station 

30 processing section BSPPi described here is such as to 
provide an additional diversity carrier for each 
sector. It is possible to use an additional carrier 
for the diversity only in the uplink direction or else 
dispense with the diversity in both the directions of 
35 propagation, where it is possible to avoid assigning 
additional carriers for this purpose. 

Figure 3 shows, in greater detail, a possible 
structure of the processing/ conversion section CBl. 
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As regards the downlink, this 

processing/conversion section CBl includes a 
multiplexer MUX for receiving modulated - preferably 
digital - signals emitted by the transmitting sections 
5 Txl and Tx2 of the transceivers TRxl and TRx2 and 
multiplexing them on a parallel bus PI connected to a 
parallel -to-serial converter P/S. An output SLl of the 
converter P/S is connected to a processing block MAP- 
FRA-FORM for performing processing of the electrical 
10 signals to be transmitted so as to make them suitable 
for a specific handling procedure relating to transfer 
on the optical link such as the fiber P-dwl, 

For example, the processing block MAP-FRA-FORM may 
be such as to process the signals output from the 
15 converter P/S using an SDH (Synchronous Digital 
Hierarchy) transportation protocol, introducing the 
corresponding frame format and the corresponding line 
coding. As an alternative to the SDH transportation 
protocol, a GbE (Gigabit Ethernet) or other suitable 
2 0 protocols may be used. 

This processing block MAP-FRA-FORM may be of the 
conventional type and include suitable electronic 
processing boards which are commercially available. 
For example, it is possible to map the UMTS samples on 
25 standard SDH frames of the STM-N type (STM-16 at 2.5 
Gbit/s or other rates) so that they are compatible with 
transmission systems designed for the SDH standard. 

It is envisaged to arrange an electrical -to- 
optical converter E/O after the processing block MAP- 
30 FRA-PORM. The electrical -to-optical converter E/O may 
be designed to emit a signal of suitcible wavelength 
such as to form one of the channels of the WDM grid 
used in the ROP system. Preferably this grid conprises 
spatial chaimels of about 20 nm in a band having 
35 wavelengths ranging between .1420 and 1620 nm (CWDM 
"Coarse WDM") . As an alternative, the E/O converter 
may emit a signal having a wavelength in the band 
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aroxind 13 00 nm or, less preferably^ in the band around 
850 nm. 

As regards the uplink, the processing/conversion 
section CBl comprises an optical- to-electrical 
5 converter O/E (for example, a detector including a 
semiconductor diode) which is connected at its input 
to a fiber F-upl (intended for uplink) and at its 
output to a processing block DE-MAP-FRA-FORM. This 
processing block, which is intended to eliminate the 

10 line coding and the associated format of the signals 
received, is connected to a serial-to-parallel 
converter S/P and then to a demultiplexer DEMUX for 
sending the signals, preferably in digital form, on 
lines corresponding to receiving sections Rxl and Rx2 

15 of the transceivers TRxl, TRx2. 

With reference to the downlink, the 
processing/conversion section CBl of the central unit 
CUi in Figure 2 receives the signal of a given channel 
from a respective base station processing station BSPPi 

20 and digitizes it (if this signal is analog) , 
multiplexes it with other signals by means of the 
multiplexer MUX and performs serialization of the 
digital flow (P/S converter) . Moreover, the block MAP- 
FRA-FORM introduces the desired line coding and the 

25 desired frame format and, by means of the converter 
O/E, electromagnetic radiation suitable for being sent 
on the fiber F-dwl is generated. 

' The subsection CBAUl of the antenna unit AUi 
receives the optical flow from the fiber F-dwl and 

30 processes the signals as will be described in greater 
detail below, in order to transmit associated 
radiof requency signals from the antennas A. 

With reference to the uplink, the substation CBAUl 
of the antenna unit AUi receives signals from the 

35 antennas A and, after processing which will be 
described in greater detail below^ converts them into 
optical signals . The processing/conversion section CBl 
of the central unit CUi receives by means of the fiber 
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F-upl assigned to the uplink optical signals which are 
converted into electrical signals by the optical -to- 
electrical converter O/E. Si±>sequently, the line 
coding and the frame format are eliminated from these 
5 electrical signals by means of the processing block DE- 
MAP-FRA-FORM. Moreover, after serial -to-parallel 

conversion {S/P converter) and, if necessary, digital 
to analog conversion, the signals are demultiplexed by 
the demultiplexer DMUX and sent to the associated 

10 receiving section Rxl, Rx2 of the base station 
processing section . 

Figure 4 shows a possible structure of a remote 
section or part D-RRP of a subsection of the antenna 
unit AUi, such as the subsection CBAUl . This remote 

15 part D-RRP is assigned to the downlink* 

The remote downliiik part D-RRP comprises a 
respective optical -to -electrical converter O/E (for 
example similar to that described above) which is 
connected to an optical fiber, such as the fiber F-dwl 

20 coming from a central unit (for example, the unit CUi 
in Figure 3) . 

This O/E converter is followed by a processing 
block DE-MAP -PRA- FORM (similar to that shown in Figure 
2) having an output connected to a demultiplexer DEMUX- 

25 AU- The demultiplexer DEMUX-AU is provided with four 
outputs for two signals Sigl and Sig2 centered on two 
respective carriers and for two additional - for 
example diversity-related - signals Sigl ' and Sig2 * 
centered on two additional carriers. 

3 0 The four output lines of the demultiplexer DEMUX- 

AU are connected to respective processing branches/ 
each including a serial -to-parallel converter S/P 
having eui output bus connected to a digital -analog 
converter D/A* Suitable output lines of the digital - 

35 analog converters D/A supply the in-phase and 
quadrature components of the respective input signals. 
According to Figure 4, the in-phase component II (12) 
and the quadrature component Ql (Q2) are associated 
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with the signal Sigl (Sig2) . Similarly, with regard to 
the diversity carriers, the in-phase component II' 
<I2') and the quadrature component Ql • (Q2 ' ) are 
associated with the signal Sigl' (Sig2 ' ) • 
5 The station in Figure 4 comprises, moreover, 

conventional devices, represented schematically as 
adder nodes, for combining, bundling them together in 
the baseband, the in-phase components 11+12 (Il«+I2') 
and the quadrature components Q1+Q2 (Ql ' +Q2 ' ) . The 

10 adder devices are connected to two modulators MOD (for 
example, QPSK) , each having an output connected to a 
freqpaency converter (shown as a multiplier connected to 
a local oscillator, LOl) for converting into 
radiofrequency RF the intermediate frequency IF of the 

15 signals output from the modulators MOD. 

The outputs of the converters IF/RF are connected 
to power amplifiers PA and then to the two antennas 
Tx/Rxl and Tx/Rxldiv. 

During downlink operation, the station D-RRP 

20 receives the optical flow from the fiber F~dwl and 
converts it by means of the converter 0/E into an 
electrical signal- The block DE -MAP- FRA- FORM 

eliminates the line coding and the frame format 
relating to the SDH protocol, which were previously 

25 introduced, and sends the signal thus processed to the 
demultiplexer DEMUX. This demultiplexer separates the 
four carriers, which are converted into four 
corresponding parallel digital flows by means of the 
converters S/P. These digital flows are converted into 

30 analog signals by the converters D/A and suitably 
combined by means of the adder devices. After a 
modulation performed by the modulators QPSK, MOD, 
conversion from intermediate frequency to 
radiofrequency is performed. The radiof req[uency 

35 signals are then amplified and radiated by means of the 
respective antennas Tx/Rxl and Tx/Rxldiv. 

Figure 5 shows schematically a first embodiment of 
a remote radio station or part U-RRP (Remote Radio 
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Part) of a mobile radio communications network in 
accordance with the invention, which is assigned to the 
uplink. The remote radio station U-RRP may be included 
in one of the antenna \mits AUl-AUlO (for example, the 
5 unit AUl) . 

This station U-RRP la such as to perform suitable 
processing of a radiof requency transmission signal S2 
having a specific carrier Fi belonging to the carrier 
frequencies stipulated by the particular mobile radio 

10 commvmications system used (such as the system UMTS- 
FDD) . Said processing includes, among other things, 
reception, analog-digital conversion, digital filtering 
cuid electro-optical conversion. 

With reference to Figure 1, the transmission 

15 signal S2 may be, for example, emitted by a mobile 
telephone UE2 included in a cell associated with the 
antenna unit AUl. For exan^le, the transmission signal 
S2 is in a shifted bcuid, namely is modulated in 
accordance with that laid down by the particular mobile 

20 radio communications system (for example, in the case 
of the UMTS -FDD system, this signal is modulated using 
the QPSK technique) . 

A channel Ch2 of the mobile radio communications 
network 1 having the carrier at a frequency Fi is 

25 associated with the transmission signal S2. A possible 
value for this frequency of the carrier Fi is, for 
example, 1940 MHz. 

The transmission signal S2 has, for example, a 
(shifted) band Bs having an amplitude equal to about 4.6 

3D MHz in accordance with that envisaged in an UMTS 
system. The band Bs may be defined as the frequency 
interval (symmetrical about the carrier frequency) to 
which a considerable part of the spectral content of 
the signal corresponds. In particular, the band Bs may 

35 be defined as the frequency inteirval to which a certain 
percentage of the power of the signal S2 (for example, 
99%) corresponds. According to another possible 

definition, the band Bs is . defined by the frequency 
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interval outside of which there are rio spectral 
components having an amplitude greater than the 
threshold ainplitude At ecjual to the amplitude of the 
useful signal A reduced by a predefined q[uantity, for 
5 example reduced by 2 0 dB, At=A-2 0dB. 

The signal S2 has, associated with it, the channel 
Ch2 centered on the carrier frequency Fi and having a 
channel band Bch/ for exanple of about 5 MHz, It is 
pointed out that, as is obvious to the person skilled 
10 in the art, in the case of the UMTS system, a 
distinction is made between chip frequency, eq[ual to 
about 3.84 MHz, and amplitude of the band dal occupied 
by the signal, defined approximately by the value 3.84 
MHz multiplied by a factor of 1.22, due to the action 
15 of a filter of the so-called "cosine filter" type. 
Advantageously, the station U-RRP is such as to process 
the transmission signal S2 also in the presence of 
signals interfering with the signal Szi such as the 
adjacent signals. 
20 With reference to the radiof requency signals, a 

signal adjacent to the transmission signal S2 is 
understood as meaning that signal which is situated in 
a channel (Chi or Ch3) adjacent to the channel of the 
signal S2, i.e. in particular having a carrier frequency 
25 Fi-i or Fi+i which, according to the allocation of the 
frequencies established by the specific mobile radio 
communications system, is situated immediately before 
or after the carrier frequency Pi of the channel of the 
signal S2 . 

30 For example, in the case where the carrier Fi is 

equal to 1940 MHz, the carrier frequencies of the 
adjacent channels are centered on Fi-i = 1935 MHz and 
F14.1 = 1945 MHz. 

It is pointed out that in UMTS systems the power 

35 of the sicfnals which operate in the network of a 
specific operator are controlled so that the signals 
within the network are received by the base station 
with power levels which are s\ibstantially the same. 
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It may occxir that aix external mobile telephone UE- 
E, i.e. associated with a mobile radio communications 
network managed by an operator different from that of 
the mobile radio communications network 1 according to 
5 Figure 1 is located in the vicinity of the antenna unit 
AUl and emits an adjacent signal Sadi (Sada) having a 
carrier frequency Fj-i (or Fj+i) adjacent to the 
frequency Fi. Moreover, this external mobile telephone 
UE-E will be placed in communication with an antenna of 

10 a base station (not shown) of the mobile radio 
communications network with which it is associated, 
located within an associated cell, but at what may be a 
considerable distance from the external iiK^bile 
telephone itself. 

15 In this case, the mobile radio communications 

system, of this external telephone UE-E may envisage 
driving the external telephone itself so that it 
operates at high radiof requency power values • 

Moreover, this external mobile telephone UE-E may 

20 be located at a particularly small distance from the 
antenna unit AUl of the mobile radio communications 
network !• 

In this situation, considering the emission power 
of the external mobile phone UE*E, the antenna unit AUl 
25 may receive the adjacent signal Sadi (or Sgda) having a 
considerable power such as to interfere with the 
transmission signal S2 emitted by the mobile telephone 
UEl. 

It may be assumed that the adjacent signal Sadi (or 
30 Sads) occupies a band which has a width approximately 
equal to that of the signal S2 and which has components 
which are situated outside of the band by a 
considerable amount and which interfere with the useful 
signal S2. 

35 Returning to Figure 5, the station U-RRP is 

provided with an antenna A connected by means of a 
conventional duplexer DX (for separation/ coupling of 
the uplink signals UP-S and downlink signals DW-S) to 
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Stages for processing the uplink signals. The antenna 
A may be one of the two antennas Tx/Rxl or Tx/Rxldiv 
which take account of the diversity. In greater 
detail, the antenna A is connected to an input of a 
5 band-pass filter BP-F having an output connected to a 
low-noise amplifier LNA. This antenna A allows the 
reception of a plurality of radiof requency (RF) signals 
in free space, which can be generated by mobile phones, 
and allows them to be converted into electrical 
10 signals. 

The band-pass filter BP-F has a passband for 
example of about 60 MHz so as to allow the uplink 
electrical signals to pass through and eliminate high- 
frequency noise and the downlink • signals. The 

15 amplifier IiNA is such as to perform the low-noise power 
amplification of the signals output from the band-pass 
filter BP-F so as to reduce the overall noise level of 
the receiver. 

Moreover, the remote radio station U-RRP may 

20 comprise a stage F-C for conversion of the RF 
electrical signals into intearraediate frequency (IF) 
signals . 

According to the particular example described, 
this frequency conversion section F-C comprises a first 

25 multiplier Ml, which is connected to an output of the 
low-noise amplifier LNA, a local oscillator LO which is 
such as to supply a suitable frequency signal to the 
first multiplier Ml and an intermediate frequency band- 
pass analog filter BP- IF, which is connected at its 

30 output to the said multiplier Ml and is such as to 
extract intermediate frequency (IF) electrical signals. 

For example, at the output of the intermediate 
frequency band-pass filter BP -IF signals having 
frequencies ranging, for example, between 70 and 110 

35 MHz are present. 

In particular, at the output from the intermediate 
frequency conversion stage F-C, the signal S2 will be 
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centered on a frequency, for example having a value Prp 
= 70 MHz. 

Preferably, the frequency conversion section F-C 
is such as to have also a channel filtering fiinction, 
5 i.e, is such as to perform a selection of said 
transmission channel Ch2, from among the plurality of 
channels received, rejecting uplink signals far from 
the frequency Fip and in particular not adjacent to the 
latter. 

10 It should be noted that, advantageously, this 

intermediate frequency band-pass analog filter is 
formed so as not to have particularly marked 
characteristics in terms of selectivity. 

In particular this analog filter BP -IF may have a 
15 passband Bip centered on the intermediate frequency 
carrier Fif of the transmission signal S2, having a 
width greater than that of the band hcb2 of the signal 
S2. More . particularly, the passband Bip is such as to 
include also part of the spectral content associated 
2 0 with one or the two signals Sadi, Sada adjacent to the 
transmission signal S2 and due to the emission of 
signals by external mobile telephones, such as the 
external mobile telephone UE-E mentioned above. 

Such a filter has a transition band, i.e. the band 
25 defined by the difference between the limit frequency 
of the passband and the limit frequency of the 
rejection band or stop band (for exan¥>le, corresponding 
to the attenuation of 25 dB) having an an^litude such 
as to allow transmission at least partly of the 
30 spectral content associated with the signals S^, Sad3- 
In particular, the transition band is such as to 
transmit a considerable content of these adjacent 
signals . 

The intermediate frecjuency band-pass analog filter 
35 BP-IF may be realized by means of a conventional analog 
filter. Advantageously, the intermediate frequency 
band -pass filter BP-IF may be realized as a Chebyshev 
filter of the 3^ to 7^ order (i.e. odd) and therefore 
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not complex and costly to realize. In particular, the 
intermediate frequency band-pass filter BP- IF may be a 
Chebyshev filter of the third order, namely with a 3- 
pole transfer function, which has a passband with 1 dB 
5 attenuation compared to the maximum, equal to 5 MHz. 
As is obvious to the person skilled in the art, such a 
filter transmits at least partly the spectral content 
associated with the signals Sadi# Soda and in particular 
is such as to transmit a considerable content thereof - 

10 Advantageously, the remote radio station U-RRP 

includes a controlled gain amplifier AGC (for example 
of the conventional type) for power amplification of 
the filtered signal output from the intermediate 
frequency band-pass filter BP-IF. 

15 Moreover, the remote radio station U-RRP comprises 

an optional demodulator stage DEM connected to an 
output of the controlled gain amplifier AGC. Let us 
consider the case where the mobile telephone 
transmission system is of the UMTS -FDD type with QPSK 

20 phase shift modulation (Quadrature Phase Shift Keying) . 
In this case the demodulator DEM is such as to separate 
in-phase components I from quadrature components Q of 
the signal output from the controlled gain anqplifier 
AGC. 

25 In the schematic illustration shown in Figure 5, 

the demodulator DEM comprises a generator G of a 
suitable sinusoidal tone connected to a second 
multiplier M2 and, by means of a 90* phase shifter SF, 
to a third multiplier M3 . The second and the third 

30 multipliers M2 and M3 are connected to the output of 
the controlled gain anplifier AGC so as to receive the 
intermediate frequency signals output from the latter 
and multiply them, respectively, with the sinusoidal 
tone and its 90* phase-shifted replica produced by the 

35 generator G, 

The second multiplier M2 and the third multiplier 
M3 are such as to provide at their output analog 
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electrical signals having components resulting from the 
raultiplications performed. 

The outputs of the multipliers M2 and M3 of the 
demodulator DEM are connected, respectively, to a first 
5 filter LPFl and a second filter LPF2, both of the 
analog low-pass type. 

The first low-pass filter LPPl and second low-pass . 
filter LPF2 allow the removal, from the electrical 
signals output from the multipliers M2 and M3, 
10 respectively, an in-phase baseband (BB) coirponent I-S2 
and a quadrature baseband con^onent Q-Sa of the 
transmission signal 82, which are both of the analog 
type. 

Advantageously, the first and the second low-pass 

15 filters LPFl and IjPF2 may have not particularly marked 
intensity characteristics and therefore have a 
respective passband which also transmits at least part 
of the spectral content associated with the adjacent 
channe 1 s Sadi # Sacu • 

20 The low-pass filters LPFl and LPF2 may, for 

example, be realized as conventional analog filters in 
a similar manner to the band-pass filter BP-IF. In 
particular, these analog filters may be realized as 
respective Chebyshev filters of an order which is not 

25 high, for exairple, of the 5^ order with a 1 dB, 2.5 
MHz, luii lateral band* 

At the output from the first low-pass filter LPFl 
and the second low-pass filter LPF2, the remote radio 
station U-RRP is provided with a first processing 

30 branch, BR-1 for processing the in-phase basebemd 
component I-S2 and a second processing branch BR-2, 
similar to the first branch, for processing the 
quadrature baseband component Q-S2. 

In particular, this first branch BR-1 (second 

35 branch BR-2) comprises a first (second) analog-digital 
converter A/D-1 (A/D-2) for performing an analog- 
digital conversion of the in-phase component I-S2 
(quadrature component Q-S2) connected to the output of 



wo 2004/059934 



PCT/IB2002/005613 



- 29 - 

the first low-pass filter LPFl {second low-pass filter 
LPF2) . 

The analog- digital converters A/D-1 and A/D-2 may 
be of the conventional type and are such as to perform 
5 sampling at a first frequency Rs, quantization and, for 
example, coding of the respective incoming analog 
signals. Advantageously, this first sanpling frequency 
Rs is chosen so as to satisfy the Nyquist theorem on 
sampling and is therefore equal to or, preferably, 
10 greater than double the value Bi-q. 

In the particular example to which reference is 
made, this first sampling frequency R3 is approximately 
about 7.5 MHz -2 = 15 MHz or, in an equivalent manner, 
15 megasarnples per second. As is known, if the 
15 conditions of the sampling theorem are satisfied, 
distortion of the information content caused by 
aliasing does not occur. 

The analog digital converters A/D-1 and A/D-2 are 
provided with a respective first output bus PBl 
20 including a suitable number Nq of lines, each assigned 
to a binaary figure representing a digital signal. 

Considering a signal composed both of the in-phase 
component I and the quadrature component Q, a 
transmission rate or bit rate Rb, equal to twice the 
25 product of Nq times Rs: Rb = 2 Nq Re, corresponds to the 
first sampling frequency Rs. For exan^le considering a 
value of Nq equal to 14, the bit rate is 2 -14 -15 ^ 420 
Mbit (raagcibits) per second. 

Moreover, each of the two processing branches BR-1 
30 and BR-2 comprises a respective low-pass digital filter 
DLPF connected at its output to the corresponding 
analog-digital converter, A/D-1 or A/D-2, followed by a 
respective saii5>ling frequency reducer SRR {Sampling 
Rate Reduction) . 
35 Each digital filter DLPF is such as to process the 

outgoing digital signal from the respective analog- 
digital converter (A/D-1 and A/D-2) so as to attenuate 
the spectral content of the adjacent signal with 
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respect to the spectral content of the transmission 
signal S2. These digital filters allow a reduction - 
or preferably the elimination - of the interference of 
the adjacent signal affecting the useful components of 
5 the transmission signal S2 present at the output of the 
respective analog-digital converter . 

Each of these digital filters may be realized by 
means of a respective FIR (Finite Impulse Response) 
filter. For example, this FIR filter has a number of 

10 taps ec[ual to 128 or 256 and may have a 1 dB, 2.5 MHz 
or 2-3 MHz, unilateral band. 

The abovementioned digital filters DLPF are 
connected to a respective sampling frequency reducer 
SRR by means of a second bus PB2 . Each sampling 

15 frequency reducer is such as to process the electrical 
signal received from the respective digital filter DLPF 
so as to generate an additional digital signal at a 
second sampling frequency Rs', leas than the first 
saiT^ling frequency Rs. 

20 The value of this second sampling frequency Rs ' is 

chosen so as to be sufficiently lower than the first 
sampling frequency Rs so as to obtain a bit rate Rb' 
associated with the digital signal to be transmitted in 
an optical fiber and less than the first bit rate Rb and 

25 doing so in such a way as not to lose useful 
information. 

The reduction of the bit rate from the value Rb to 
the value Rb* allows limitation of the band occupied 
within the optical fiber and therefore an increase in 

30 the number of cuitenna units which can be served by the 
same optical fiber. 

Advantageously, the second sampling frequency (on 
each of the two paths I and Q) is chosen so as to be 
greater or, ideally, equal to twice the minimum band 

35 occupied B'i-q by the in-phase component I or quadrature 
component Q (ideally B'i_q = 1.22-3.84 MH2/2 in the case 
of UMTS -FDD) of the signal resulting from digital 
filtering. 
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In this example, the second bit rate Rb' is between 
about 140 and 380 Mbit/s, depending on the quality of 
the digital filtering (a reasonable value is 200 
Mbit/s) . 

5 The two frequency reducers SRR of each of the two 

processing branches BR-1 and BR-2 may be of the 
conventional type and may each comprise therefore, as 
known to the person skilled in the art, an optional 
interpolation stage, a digital low-pass filter and a 
10 decimator stage. Advantageously, this low-pass digital 
filter has a cut-off frequency ft equal to half the 
second sampling frequency Rs' and has the aim of 
preventing the subsampling performed by the decimator 
stage from having distortions resulting from aliasing. 
15 Each frequency reducer SRR is connected by means 

of a respective third output bus PB3 to an additional 
multiplexer MUX-A which allows multiplexing, on a 
fourth bus PB4, of the digital signals corresponding to 
the in-phase component I and quadrature component Q 
20 resulting from the previous stages- Optionally, this 
additional multiplexer MUX-A allows the multiplexing 
also of other digital signals Sj-Sa relating to other 
channels of the mobile radio corarauni cat ions network. 
These signals Sj-Sn are output from respective stations 
25 of the antenna unit AUl considered which preferably are 
similar to the station U-RRP described- This 
multiplexer may also multiplex the control signals. 

The multiplexer MUX^A forms part of a final 
processing substation FPSS which also comprises an 
30 additional parallel-to-serial converter P/S-A connected 
to the fourth output bus PB4 so as to send in a serial 
manner the flow of digital data on a single output line 
A-Ll. 

An additional processing block PROC-BL-A, also 
35 part of FPSS, is connected to the output line A-Ll, so 
as to introduce the frame format and the appropriate 
line code, for example in accordance with the SDH 
protocol. It is pointed out that the reduction in the 
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bit rate described above allows the use, for 
transmission on the optical fiber F-upl leaving the 
remote radio station U-RRP, of an SDH frame of the STM- 
N {Synchronous Transport Module) type with which not 
5 particularly complex and costly components are 
associated. Advantageously, with reference to the SDH, 
the frames STM-4 and STM-16 having a payload 
transportation capacity, respectively, of about 599.04 
Mbit/s and 2396.16 Mbit/s. In particular on an STM-4 

10 frame two carriers of 2 99.52 Mbit/s corresponding to an 
uplink flow and a diversity flow may be transported. 
Similarly, on the 2396.16 frame three uplink carriers 
and another three diversity carriers, each with a flow 
of 3 99.3 6 Mbit/s may be carried. 

15 The processing block PROC-BL-A is connected to an 

additional electro-optical conversion stage E/O-A, also 
forming part of the final processing substation FPSS, 
for converting the electrical signal containing the 
flow of serialized digital data into optical frequency 

20 radiation to be sent on the fiber F-upl. 

This electro-optical conversion stage comprises, 
for example, a conventional semiconductor laser for 
directly converting the electrical signal into an 
optical signal. Alternatively, the electro-optical 

25 conversion stage is realized by means of a laser which 
emits optical radiation of suitable wavelength, 
followed by an electro- optical ' modulator which 
modulates this optical radiation in accordance with the 
progression of the electrical signal output from the 

30 processing block PROC-BIi-A. 

With regard to operation of the remote station U- 
RRP according to Figure 5, reference should also be 
made to Figures 6a- 6d in which spectral patterns of 
examples of signals which can be processed by the said 

35 station U-RRP are shown. 

The transmission signal S2 emitted by the mobile 
terminal UEl, together with other signals Sj-sn emitted 
by other mobile telephones, is received by the antenna 
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A. In addition to the transmission signals, the 
antenna A receives at least one adjacent signal or, for 
example, two adjacent signals Sadi and Sad3 (emitted by 
external terminals UE-E) and located on the channel 
5 bands symmetrically adjacent to the channel band of the 
transmission signal Sa- The antenna A converts the 
signals received into an electrical signal and sends 
them to the radiof requency band-pass filter BP-F which 
eliminates the downllnJc signals and, by means of an 

10 amplification performed by the amplifier LNA, transmits 
all the uplink signals and the adjacent signals (Sadi 
and Sad3) to the frequency conversion stage F-C. This 
frequency conversion stage F-C converts the signals 
received at its input to an intermediate frecjuency IF 

15 and performs analog filtering by means of the band-pass 
filter BP-IF, 

This band-pass filter BP- IF eliminates the 
transmission signals received at the antenna A and not 
adjacent to the signal S2 and transmits the signal S2 

20 shifted to an intermediate frequency and including the 
corresponding useful spectral content. Moreover, the 
band-pass filter BP-F is such as to transmit also at 
least portions of the adjacent signals Sadi and Sad3 and, 
in particular, is such as to transmit a considerable 

25 spectral content of said adjacent signals. In other 
words, the analog band-pass filter BP-IF does not have 
the function of performing a significant attenuation of 
the adjacent signals. 

After amplification performed by means of the 

30 controlled gain amplifier AGC, the electrical signal 
output from the band-pass filter BP-IP is suitably 
demodulated by means of the demodulator DEM for signals 
I-Q. 

The demodulator DEM, by means of steps involving 
35 multiplication or mixing of the electrical signal 
received at the said demodulator with 90*^ phase- shifted 
sinusoidal tones and subsequent separate filtering 
steps using low-pass analog filters LPFl and LPF2, 
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returns at least the in-phase con^jonent I-S2 and the 
quadrature component Q-S2 of the transmission signal S2. 

In greater detail, as shown in Figure 6a relating 
to only one of the components of the transmission 
5 signal (for example, the in-phase component), at the 
output of the low-pass analog filter LPFl there is a 
demodulated analog signal (or baseband signal) which 
contains, in addition to a useful spectral content 
corresponding to the in-phase component I-Sa, also an 
10 interfering spectral content Siat corresponding to the 
adjacent channels Sadi cind Sada* 

The demodulated signal of Figure 6a occupies a 
bcind Bi-Q in the baseband. 

Subsequently, the demodulated analog signal is 
15 converted into a digital signal by means of the 
converter A/D-1, at the first sampling frequency Rs 
chosen so as to satisfy the Nyquist theorem in relation 
to the band Bi-q. 

Figure 6b shows the spectrum of the digital signal 
20 D-S resulting from the conversion and including 
replicas centered on multiples of the first sampling 
frequency Rs- 

The digital signal D-S is then sent to the low- 
pass digital filter DLPF which processes it so as to 
25 attenuate the interfering spectral content. 

Preferably, the low-pass digital filter DI*PP is 
such as to attenuate the power of the interfering 
signal by a quantity greater than 18 dB, for example, 
of between ladB and 35dB. According to a particular 
30 example, the digital filter DLPF, which is realized 
with an FIR filter having 128 taps and a 1 dB, 2.5 MHz, 
unilateral band, is able to achieve an attenuation in 
the power of the interfering signal greater than 20 dB. 

. More pref eredDly, the low-pass digital filter DLPF 
35 is such as to attenuate the power of the interfering 
signal by a quantity greater than 23 dB, for example, 
ranging between 23 dB and 35 dB. According to a 
further particular example, the digital filter DLPF, 
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which is realized with an FIR filter having 256 taps 
and a 1 dB, 2.3 MHz, unilateral band, is able to obtain 
an attenuation in the power of the interfering signal 
greater than 2 5 dB. 
5 Figure 6c shows the spectrum of the filtered 

digital signal DF-S comprising replicas in which the 
spectral content Sint is attenuated considerably with 
respect to the signal I -82. Owing to the action of the 
digital low-pass filter DLPF, the baseband component of 

10 the filtered digital signal FD-S has an occupied band W 
which is smaller than that Bi.q prior to digital 
filtering. This filtered digital signal has a first 
bit rate Rb/ for example, equal to 420 Mbit/s. 

Subsequently, the filtered digital signal DF-S is 

15 sent to the sanpling frequency reducer SRR which 
sanples it at a second frequency Rs' which satisfies the 
Nyquist theorem with regard to the occupied band W (Rs' 
> 2W) . 

Figure 6d shows the spectrum of the digital signal 
20 at a reduced sampling frequency DFR-S to which a second 
bit rate Rb' less than the first bit rate Rb 
corresponds . 

It is pointed out that, for the quadrature 
component Q-S2r considerations which are entirely 

25 similar to those relating to the in-phase component I-S2 
are applicable. 

Then, the signal supplied from the in-phase 
component I-S2 thus processed is multiplexed, by the 
multiplexer MUX-a, with the digital signal resulting 

30 from the sampling frequency reduction corresponding to 
the quadrature component Q-Sa and is multiplexed with 
the digital signals relating to other transmission 
signals Si-Sn processed in the same antenna unit AUl. 
The overall digital flow of the parallel type which is 

35 obtained on the fourth bus PB4 is converted, by means 
of the converter P/S, into a serial flow. The 
processing block PROC-BL-A inserts the appropriate 
frame format and the line coding. The electrical 
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signal output from this processing block is then sent 
to the electro-optical converter E/O-A which generates 
corresponding radiation at frequencies suitable for 
transportation on the optical fiber F-upl. 
5 It is pointed out that, advantageously, the 

station U-RRP described above processes the signals 
received in uplink mode in such a way as to con^ly with 
the ACS (Adjacent Channel Selectivity) test specified 
by 3 GPP TS 25.141 v4 • 0 . 0 "3GPP;TSG RAN; Base station 
10 conformance testing (FDD)" (Release 1999), 3GPP 2001- 
03, par. 7.4. 

According to the ACS test, a useful signal (such 
as the signal S2 associated with the channel Ch2) with a 
predetermined power is sent to the input of a test 

15 receiver and, also, a signal (such as the signal Sads 
associated with a channel Ch3) adjacent to the useful 
signal and interfering with it is sent. Then the 
performance of the test receiver is evaluated in 
relation to reception of the adjacent signal. This 

20 performance must not be less thcin a certain predefined 
threshold specified by the ACS test. Basically the BER 
(Bit Error Rate) is determined in the presence of a 
predefined signal noise ratio. For exan^le, for a 
signal of the voice type at 12.2 Kbps, the test 

25 requires that the measurement should result in a BER s 
0.001 with a useful signal having a power -115 dBra and 
adjacent signal, centered on a frequency distant 5MHz 
from the carrier of the useful signal, having a power 
-52 dBm. 

30 With reference to the station U-RRP described, 

each digital filter DLPP is such as to process the 
digital signal which passes through it so that the 
abovementioned test is complied with, reducing the 
level of the adjacent signal and therefore allowing 

35 transfer of a reduced band on the fiber, but avoiding 
any aliasing phenomena. The overall dynamic of the 
signal in terms of amplitude is moreover reduced, 
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reducing it basically to that of the useful signal 
alone . 

Figure 7 shows schematically a remote radio 
station U-RRP' which is an alternative to the remote 
5 radio station U-RRP shown in Figure 5. In this Figure 
7 the same reference numbers are used to indicate 
components which are identical or similar to those 
shown in the preceding figures. 

This alternative remote radio station U-RRP', 
10 \inlike the station shown in Figure 5, does not perform 
demodulation of the signal output from the controlled 
gain amplifier AGC, but directly processes the 
modulated signal . 

In greater detail, in this alternative remote 
15 radio station U-RRP*, the output of the frequency 
conversion stage F-C is connected (by means of the 
controlled gain an^jlifier AGC) to a third processing 
branch BR-3 similar to one of the two processing 
branches BR-1 and BR-2, described in detail with 
20 reference to Figure 5. In particular, this third 
processing branch BR-3 comprises a third analog-digital 
converter A/D-3 for performing an analog-digital 
conversion of the modulated and intermediate frequency 
signals output from the frec[uency conversion stage F-C, 
25 The third converter A/D-3 may be of a type similar to 
the first cuid the second converter A/D-1 and A/D-2 and 
is such as to perform sampling at the frequency 2*Rs 
since it is intended to process the intermediate 
frequency IF signal. 
3 0 The third processing branch BR-3 also includes a 

low-pass digital filter DLPF' connected at its output 
to the third analog-digital converter A/D-3 and 
followed by an additional san^ling frequency reducer 
SRR' , 

35 The low-pass digital filter DLPF' and the reducer 

SRR* of the alternative remote station SRR* are similar 
to the digital filters DLPF and to the reducer SRR 
described adbove, but, unlike the latter, are such as to 
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process signals not in the baseband but at intermediate 
frequency - 

The third output bus PB3 of the sampling frequency 
reducer SRR' is connected to an additional final 
5 processing substation FPSS' which is similar to the 
siibstation FPSS of Figure 5 and therefore not shovm in 
detail . 

Operation of the remote radio station U-RRP' 
according to Figure 7 is similar to that of the remote 
10 radio station U-RRP according to Figure 5 illustrated 
above • 

In this case, the digital filter DLPF of the third 
processing branch BR- 3 has at its input an analog 
signal which contains, in addition to the useful 
15 spectral content of the (intermediate frequency) signal 
Sa# also the interfering spectral content Siat 
corresponding to the adjacent channels Sadi and Sads- 
The subsequent processing of the signals S2 and Sint 
performed by the digital filter DLPF' and the frequency 
20 reducer SRR' of the alternative remote station RRP* may 
be easily deduced from the above description relating 
to Figures 6a-6d, replacing the in-phase component I -82 
with the entire intermediate frequency signal S2 (and 
adapting the values of the sampling and subsampling 
25 frequencies) . 

The intermediate frequency signal S2 digitized at 
the san^ling frequency 2*Rsr filtered by the interfering 
signal Sint and converted to the sampling frequency 2*Rs' 
is then processed by the siabstation FPSS' so as to be 
30 sent to the central unit CUi by means of the optical 
fiber F-upl. 

The mobile radio communications network in 
accordance with the invention has numerous advantages 
in addition to those mentioned above with regard to 
35 separation of the specific functions among the base 
station processing sections BSPPI-BSPPh and the antenna 
\inits AUl-AUlO- 
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In fact, as a result of the teachings of the 
invention it is possible to obtain the required 
rejection of the interfering signals associated with 
the adjacent channels, avoiding the need to use high- 
5 selectivity analog filters which are difficult to 
implement and have high costs - 

In accordance with the invention, the filtering 
which plays a greater part in attenuation of the 
interfering signals is perfoinned by means of digital 
10 filters which can be realized at a lower cost than that 
of analog filters, but are such as to offer 
satisfactory results and, in particular, such as to 
comply with the standards which define the performance 
of receivers in relation to adjacent channels. 
15 Moreover, as a result of the reduction in the 

sampling frequency effected on the signal output from 
the digital filter, it is possible to limit the band 
occupied by each channel on the waveguide link (for 
example, an optical fiber) , allowing an increase in the 
0 number of antenna units which can be served by a same 
connection, both of the ring and star type. 

It should be noted that, as mentioned above, the 
reduction in the bit rate described above also has the 
advantage of allowing use of STM-N frames (preferably 
5 the frame STM-4) with which not particularly con5>lex 
and costly components are associated. 

In particular, the network 1 according to Figure 
1, using according to a preferred example, the 
transmission on optical fiber (for example, the fibers 
0 FOl, F02} of digital signals has advantages associated 
with the fact that the digital signals are less subject 
to the degradation due to attenuation in the fiber and 
dispersion within the fiber than analog signals. 



